METHODS AND COMPOSITIONS FOR THE TREATMENT OF HUMAN AND 

ANIMAL CANCERS 

Cross Reference To Related Application 

This application claims priority to US Provisional Application entitled 
METHODS AND COMPOSITIONS FOR THE TREATMENT OF HUMAN AND 

ANIMAL CANCERS, filed on March 29, 2001, Serial No. (Attorney 

Docket No. 54938-226916). 

Field of the Invention 

This invention relates to methods and compositions for altering the 
viability of cells, particularly nonnormal or nonhealthy cells, such as those comprising 
various cancers in animals and humans. More particularly, the invention relates to the 
preparation and use of the compositions of the present invention to rapidly kill or 
weaken cancerous cells within or on the surface of an animal or human body. The 
invention also relates to methods to minimize metastatic growth potential of cancer cells 
derived fi-om primary tumors during surgical intervention. Primarily intratumoral, but 
also systemic or parenteral treatments as well as pre-operative, post-operative, or topical 
treatment of cancers are contemplated. The present invention illustrates surprising and 
rapid effectiveness and relative specificity against a broad class of cancer cells and 
cancerous tissues over healthy cells. 

Background of the Invention 

Despite vast advances in screening, lifestyle moderation, and therapeutic 
approaches, cancer continues to be one of the leading causes of death in the world. 
Drug toxicity, drug resistance, and the varying genetic backgrounds of different cancer 
sub-types have complicated the development of chemotherapeutics that are specifically 
cytotoxic to cancerous cells, yet minimally toxic to the patient. 

Many currently available cancer treatments depend on the type, location, 
size and stage of the tumor, as well as numerous patient health-related issues. 
Typically, treatment may involve surgery, chemotherapy, and radiation, alone or in 
combination. Surgical removal of a cancerous tumor, for example breast tumors, is 



often desired in conjunction with chemotherapy and/or radiation, because the tumor 
may represent a burden to the patient's body. 

During surgery, tumor cells often escape into the blood stream, leading 
to secondary tumors. Also the surgeon or radiologist may not succeed in 
removing/destroying the whole cancer tissue, leading to local recurrences. Thereft)re, 
even after seemingly successful treatment of a primary tumor, local recurrences and 
metastasis, i.e., the spread of malignant tumors to secondary sites, often represent 
further threats to the patient. It would be desirous to have methods and compositions 
that minimize the risk of metastasis and local recurrences, while at the same time 
present minimal toxic burden to the patient. 

There remains a need for compositions with enhanced specificity and 
rapid cytotoxicity for a broad range of nonnormal or nonhealthy cells over healthy cells. 
In particular there remains a need for compositions and methods to treat and to prevent 
primary cancers and metastases that could be employed both locally, at the site of a 
primary tumor, and/or systemically, but that would present minimal toxic burden to the 
patient. Because of the heterogeneity of cancers, there fijrther remains a need for a 
method to produce and to screen a library of active compositions from which a 
particular composition capable of altering the viability of a wide spectrum of cancerous 
cell types and sub-types may be chosen. 

Summary of the Invention 

It is an object of the present invention to provide methods and 
compositions that alter the viability of a wide spectrum of nonnormal or nonhealthy 
cells, particularly cancers, but preferably that minimally affect the viability of healthy 
human cells. It has been found that the compositions and methods of the present 
invention demonstrate a surprisingly rapid, relatively specific, cytotoxicity for a broad 
range of nonnormal cells, particularly cancers, including but not limited to breast (both 
estrogen receptor positive and negative), epidermal, melanomal, colorectal, bladder, 
cervical, neuroblastomal, prostate, ovarian, endometrial, and placental cancers. 



In practice, the compositions of the present invention are formed from a 
set of components comprising one or more of the following: (A) a dithiocarbonyl, 
preferably dithio carbamate, compound; (B) a divalent metal ion; (C) a modulator of 
cellular glutathione levels; and (D) an inhibitor of the phosphorylation of choline, which 
can significantly change the composition of biological membranes. The biologically 
effective compositions described herein induce a selective and rapid effect on the 
viability of preferably, nonnormal cells, by inducing apoptotic or necrotic cell death, or 
both, with the dominant pathway being apoptosis. Particularly preferred active 
compositions comprise all four components, although combinations of fewer 
components can be fully effective in certain tumors. Such compositions have been 
found to be useful against a broad spectrum of cancerous cell lines while exhibiting less 
toxicity to healthy cells. Such compositions are thereby useful to treat tumors in vivo 
that are typically heterogeneous. The multi-component embodiments can be thus 
effective against the entirety of such tumors, whereas conventional chemotherapies 
often have more limited specificity. Compositions comprising less than all four 
components are also able to alter the viability of one or more particular cell lines. 

In one aspect of the invention, compositions of the present invention are 
prepared by incorporating one or more of the components A, B, C, and D into the 
composition. The dithiocarbonyl component A, preferably a dithiocarbamate 
compound, of the composition usually has the formula: (Ri)in(R2)-Z-C-S-S-Y wherein 
m is 0 or 1, but other structures can be envisioned. For example, a dithiocarbamate 
moiety can be inserted into fatty acid chains, or between the phosphate group and the 
polar headgroup, or at the end of the polar headgroup in a phospholipid molecule. 

Y is chosen from the group consisting of hydrogen, a pharmaceutically 
acceptable cation, a physiologically cleavable leaving group, a targeting moiety, or a 
pharmaceutically active drug, including a chemotherapeutic drug. In a preferred 
embodiment, Y represents a pharmaceutically acceptable cation, and may represent all 
or a portion of the component B listed above. 



Z may be preferably chosen from either O or N, but if Z is O, then m=0. 
Rl and R2 may be independently chosen from the group consisting of hydrogen; or Cl- 
C24 straight, branched, or cyclic alkyl, alkenyl, aryl, acyl, alkaryl, aralkyl, or alkoxy 
groups, optionally substituted with ester, ether, halogen, sulfate, hydroxy, or phosphate 
groups. Rl and R2 may be optionally connected via a bridge such as -(CH)n-, wherein 
n is 3-8, so that the resulting structure is heterocyclic, and may be optionally substituted 
on any of the carbon atoms of the ring. Representative substitutents include, for 
example, CI -CIO straight, branched, or cyclic alkyl, aryl, aryalkyl, or alkaryl groups, 
optionally substituted with hydroxy, halo, phosphate, sulfate, or sulfonate groups. 

Preferred dithiocarbonyl compounds of the present invention include 
diethyldithiocarbamate (DEDC); tricyclo-[5.2.1.0^'^]-decyl(9[8]-xanthogenate (also 
known commonly as D609); tetraethyhhiuram disulfide (also known commonly as 
Disulfuram, ((C2H5)2NCS2-]2)); and pyrrolidinedithio carbamate (PDC). Other 
representative dithiocarbonyl compounds are set forth in US 5, 783, 596, incorporated 
herein by reference. 

The present compositions also may incorporate a metal ion component 
B. In particular, the dithiocarbonyl components of the present invention may be 
complexed with the metal cation component B. Suitable metal cations include Cu and 
Zn^^. Most preferably, Zn^^ is employed. 

The compositions of the present invention may also incorporate a 
component C to affect the intracellular redox state of nonnormal or nonhealthy cells. In 
particular, it has been surprisingly discovered that chemical and enzymatic modulators 
of cellular glutathione (GSH) levels enhance the efficacy of the compositions of the 
present invention. Those compounds that deplete cellular glutathione are preferred as 
component C, including ethacrynic acid (EA), L-buthionine-S,R-sulfoximine (BSO), 
diethylmaleate, 2-cyclohexene-l-one, and l-chloro-2,4-dinitrobenzene (CDNB). Most 
preferably, EA is employed as component C, because in toxicological studies it appears 
to be relatively well tolerated by humans. 



While not wishing to be bound by any theory, the component C of the present 
invention seems to affect the cellular concentration of reduced glutathione (GSH). GSH 
is perhaps the most important protective antioxidant against oxidants and electrophilic 
compounds. The GSH redox system is crucial in maintaining intracellular GSH/GSSG 
homeostasis. This system uses GSH as a substrate in detoxification of peroxides such 
as hydrogen peroxide and lipid peroxides, reactions which involve glutathione 
peroxidase. The reactions generate oxidized GSH (i.e., GSSG), which is reduced to 
GSH by glutathione reductase in a reaction requiring the hexose monophosphate-shunt 
pathway utihzing reduced nicotinamide adenine dinucleotide phosphate (NADPH). 
Glutathione also reduces nonenzymatically a number of substances, such as peroxides 
or free radicals. 

Through a widely distributed enzyme, glutathione S-transferase (GST), GSH 
participates in the detoxification of many substances, i.e., organic halides, fatty acid 
peroxides, etc. In a GST-catalyzed reaction, GSH reacts with such compounds, 
followed by cleavage of GSH's glutamyl and glycyl residues and then acetylation by 
acetyl-CoA to give a mercapturic acid. Ethacrynic acid (EA) and 1-Cl- 
2,4-dinitrobenzene are substrates for the GST-catalyzed conjugation reaction, resulting 
in the depletion of cellular GSH. Because the present compositions are likely to act via 
oxidative shock, depletion of cellular glutathione by these compositions inhibits the 
cellular defense system, and probably enhances the efficacy of the compositions. 

It has been further found that inhibitors of the phosphorylation of 
choline, which is involved in the formation of the major membrane phosphohpid 
phosphatidylcholine, in some cases surprisingly enhance the efficacy of the 
compositions of the present invention. Preferably, such an inhibitor comprises 
component D, and is incorporated into the compositions of the present invention. A 
preferred embodiment of component D is dimethylethanolamine (DMETN). A further 
advantage of using DMETN is that it also inhibits proliferation of several cancer cell 
lines (T-47D, 2R-75-1, A431, MDA-MB-231, ANaCa, CaOVs) while generally 



increasing proliferation of normal cells. Therefore, should some cancer cells survive 
surgery, the presence of DMETN would be expected to inhibit their growth. 

It is another object of the present invention to provide methods for pre- 
operative and post-operative treatment of cancerous cells and metastases. Because the 
compositions of the present invention alter the viability of nonnormal cells with some 
selectivity, the compositions may be used to treat primary tumors as well as metastases. 
The compositions are designed mainly for intratumoral application, but they may be 
also used either systemically or parenterally (e.g., i.v., i.p., subcutaneously, topically, 
transdermally, etc.). The compositions also may be used to prevent metastatic spread of 
cancerous cells from a primary tumor by rapidly inducing apoptotic and/or necrotic cell 
death in the tumor prior to surgical intervention. 

It is another object of the invention to provide methods for altering the 
viability of one or more nonnormal or nonhealthy cells by providing a composition 
according to the present invention and exposing the cells, preferably cancerous cells, to 
the composition. Exposure may be through systemic administration of the 
compositions, or parenterally through topical, transdermal, or, preferably, intratumoral 
administration. 

It is a further object of the present invention to provide methods for 
generating libraries of active compositions from which a preferred active composition 
comprising one or more components A, B, C, and D may be chosen. The method is 
employed to generate a preferred composition that is specifically tailored to be 
maximally effective in altering the viability of a particular cancer, while preferably 
exhibiting minimal alteration to the viability of normal cells. Alternatively, the 
particular composition may be chosen to be more broadly effective against a range of 
cancers, while nonetheless preferably remaining minimally toxic to healthy cells. The 
method is comprised of steps wherein a set of components that includes at least two, 
preferably three, and most preferably all four of the components A, B, C, and D is 
provided for incorporation into a plurality of test compositions. The test compositions 
so generated may vary based on the components incorporated, their concentrations, and 



the like. The test compositions so generated are then examined to determine if any 
induces a desired biological effect against one or more nonhealthy or nonnormal cell 
types. Based on the results, the desired composition is selected from among said test 
compositions. The desired composition may be used, for example, to treat a 
heterogeneous cancerous tumor, or alternatively to treat a more homogeneous cancerous 
tumor. 

Finally, it is yet another object of the present invention to provide 
methods to treat primary tumors as well as metastases by combining the compositions 
with other, already tested, chemotherapeutic agents including but not limited to: 
cyclophosphamide, doxorubicin, vinorelbine, cisplatin, paclitexel, topotecan, 
5'-fluorouracyl, epirubicin, trimetrexate, etc. Such combination treatments may allow 
the use of these anticancer agents at lower concentrations, thereby decreasing their toxic 
side effects. 

In addition, the present compositions may be used in combination with 
radiotherapy; again, such combinations may allow the use of lower dosage levels of the 
composition chemicals and lower levels of radiation, which would decrease any toxic 
side effects. 

Brief Description of the Drawings 

Figs, la and lb. Comparison of MXT mouse mammary carcinoma 
tumor cells derived from untreated tumors (developed in mice) (Fig. la), and tumor 
cells derived from tumors treated with a composition comprising 
pyrrolidinedithiocarbamate (PDC, 50 ^iM), zinc (150 |liM), ethacrynic acid (100 ^M) 
and dimethylethanolamine (6 mM) for 4 h (Fig. lb). At least 90% of the cells were 
dead after treatment, as indicated by cellular morphology, lysis, membrane blebbing, 
chromatin condensation, and the appearance of apoptotic bodies. Approximately 80% 
of the cells which died did so via an apoptotic mechanism. When cells derived from 
treated tumors were incubated for 3 days or 3 weeks, no viable tumor cells were found; 
under comparable conditions control tumor cells grew as expected. 



Figs. 2a and 2b. Comparison of C26 mouse colon tumor cells derived 
from untreated tumors (developed in mice) (Fig. 2a), and tumor cells derived from 
tumors treated v^ith a composition comprising PDC (50 ^M), zinc (150 ^iM), ethacrynic 
acid (100 ^M) and dimethylethanolamine (6mM) for 4 h (Fig. 2b). About 100% of the 
cells were dead after treatment, as indicated by cellular morphology, lysis, membrane 
blebbing, chromatin condensation, and the appearance of apoptotic bodies. 
Approximately 80% of the cells appeared to die via an apoptotic mechanism. When 
cells derived from treated tumors were incubated for 3 days or 3 weeks, no viable tumor 
cells were found. 

Figs. 3a and 3b. SK-1058 normal human skin fibroblast cells, untreated 
(Fig. 3a) and treated with a composition comprising PDC (25 jxM), zinc (60 juM), 
ethacrynic acid (60 |iM) and dimethylethanolamine (3mM) for 25 minutes (Fig. 3b). 
Cellular morphology is unchanged in these normal skin fibroblast cells after treatment. 

Figs. 4a and 4b. SK-MEL-28 human melanoma, untreated (Fig. 4a) and 
treated with a composition comprising PDC (50 |iiM), zinc (120 ^M), ethacrynic acid 
(60 |iM) and dimethylethanolamine (3 mM) for 30 minutes (Fig. 4b). After 30 min. of 
treatment, about 100% of the cells were dead, based on cell morphology (rounding, 
removal from well-plate surface), DNA synthesis and cell proliferation measurements. 
When treated cells were washed after 30 min. of treatment with fresh medium and 
incubated in fresh medium, no viable cells were found after 3 days. 

Figs. 5a and 5b. MCF-lOA untransformed (control) human breast 
epithelial cells, untreated (Fig. 5a) and treated with a composition comprising PDC (25 
^iM), zinc (60 |iM), ethacrynic acid (40 fiM) and dimethylethanolamine (3 mM) for 4 
hours (Fig. 5b). Note that even after 4 hours of treatment, there is only minimal change 
in cellular morphology (rounding, removal from well-plate surface); DNA synthesis and 
cell proliferation rates were only affected modestly (about 20-30%) reduction). 

Figs. 6a and 6b. MD A-MB-23 1 human mammary gland epithelial 
adenocarcinoma, untreated (Fig. 6a) and treated with a composition comprising PDC 



(25 |iM), zinc (60 fiM), ethacrynic acid (60 juM), and dimethylethanolamine (3 mM) 
for 40 minutes (Fig. 6b). After 40 min. of treatment, about 100% of the cells were 
killed based on cellular morphology changes (rounding, removal from well-plate 
surface), and DNA and cell proUferation measurements. 

5 Figs. 7a and 7b. SK-MEL-24 human melanoma, untreated (Fig. 7a) and 

treated with a composition comprising PDC (50 ^M), zinc (120 |iM), ethacrynic acid 
(60 laM), and dimethylethanolamine (3 mM) for 1 minute, with medium change and 
incubation for 4 hours (Fig. 7b). After treatment, about 100% of cells were killed based 
on cellular morphology changes (rounding, removal from well-plate surface), and DNA 
1 0 and cell proliferation measurements. 

Figs. 8 a and 8b. MCF-7/MDR1 multidrug resistant, estrogen receptor- 
negative subline of MCF-7 human mammary gland estrogen receptor positive 
adenocarcinoma line, untreated (Fig. 8a), and treated with a composition comprising 
PDC (25 uM), zinc (60 |iiM), ethacrynic acid (60 |liM), and dimethylethanolamine (3 
15 mM) for 160 minutes (Fig. 8b). After 160 min. of treatment, about 100% of the cells 
are killed based on cell morphology changes (rounding, removal from well-plate 
surface), and DNA synthesis and cell proliferation rates. 

Figs. 9a and 9b. T-47D; human mammary gland (epithelial) ductal 
carcinoma, estrogen receptor positive, untreated (Fig. 9a) and treated with a 
20 composition comprising EA (100 \iM) (Fig. 9b). After 2 h. of treatment, about 100% of 
cells were killed based on morphology as well DNA synthesis and cell proliferation 
measurements. 

Figs. 10a and 10b. A549, human lung carcinoma, epithelial, untreated 
(Fig. 10a) and treated with a composition comprising PDC (25|iM), zinc (30 ^M), EA 
25 (40 ^M) and DMETN (3mM) (Fig. 10b) for 50 min. After 50 min., about 100% of cells 
were killed based on DNA synthesis and cell proliferation data. 

Figs. 11a and lib. HT-29, human colorectal adenocarcinoma, epithelial, 
untreated (Fig. 11 a) and treated with a composition comprising PDC (25|iM), zinc (30 
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[iMX EA (40 ^M) and DMETN (SmM) (Fig. 1 lb). After 20 mins., about 100% of cells 
were dead based on DNA synthesis and cell proliferation data. 



Detailed Description of the Invention 
L Definitions 

5 Necrosis, as used herein, may be indicated by cellular morphological 

changes, including one or more of the following: removal of the cell from the 
subsurface stratum, cell rounding, cell swelling, and cell lysis; necrosis may also be 
indicated by cessation of DNA synthesis and cellular proliferation. Necrosis is not 
accompanied by nuclear changes. 

10 Apoptosis, as used herein, is a mechanism of cell death known as 

programmed cell death, and is characterized by one or more of the following: chromatin 
condensation, cleavage of DNA into fragments, cell shrinkage, and membrane blebbing. 
In the mechanism, the apoptotic cell eventually falls apart with the formation of well- 
enclosed, apoptotic bodies. 

15 n. Active Compositions 

The compositions and methods of the present invention demonstrate 
surprisingly rapid cytotoxicity, with some specificity, for a broad range of nonnormal 
cells, particularly cancers, including but not limited to breast (both estrogen receptor 
positive and negative), epidermal, melanomal, colorectal, bladder, cervical, 

20 neuroblastoma!, prostate, ovarian, endometrial, and placental cancers. The use herein of 
compositions comprising dithiocarbonyl, particularly dithiocarbamate (DTC), 
components, including their metal complexes, alone or in combination with cellular 
redox and growth cycle modulators, results in biologically effective compositions. 
These compositions induce a selective and rapid effect on the viability of nonnormal 

25 cells, preferably by inducing apoptotic or necrotic cell death, or both, with apoptosis 
representing the predominant mechanism of cell death. The compositions are used 
preferably intratumorally, but may be used also either systemically or parenterally, and 
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either alone or in combination with surgical procedures, radiation, or various 
chemotherapeutic compositions. 

In practice, the compositions of the present invention are comprised of 
one or more of the following components: (A) a dithiocarbonyl compound, preferably a 
5 dithiocarbamate; (B) a divalent metal ion; (C) a modulator of cellular glutathione; and 
(D) an inhibitor of the phosphorylation of choUne, 

Component A, the dithiocarbonyl compounds, particularly 
dithiocarbamates, of the present invention generally have the formula: (Ri)ni(R2)Z-C-S- 
S-Y, wherein m is 0 or 1. 

10 Ri, R2, Z and Y are selected by one of skill in the art to maximize the 

efficacy of the compound and may be varied to modulate the size, charge, 
hydrophilicity, toxicity, bioavailability, plasma distribution, excretion pathway, 
stability, tissue distribution, pharmacokinetics, and pharmacodynamics of the molecule. 
Preferably the compounds have higher affinity and specificity for, and ability to alter 

1 5 the viability of, nonnormal cells, particularly cancer cells, rather than normal, healthy 
cells. 

Y is selected from the group consisting of hydrogen, an enzymatically or 
physiologically cleavable leaving group, a targeting moiety, or a pharmacologically 
active drug, including a chemotherapeutic drug. Suitable linking moieties may 

20 optionally be employed to attach the cleavable leaving groups, targeting moieties, or 
pharmaceutically active drug to the dithiocarbonyl compound. Linking moieties are 
divalent groups that link the residues and include, but are not hmited to, CI -CI 5 
straight, branched, or cyclic alkyl, alkenyl, aryl, or polyalkyleneoxy groups, optionally 
substituted with halo, hydroxy, phosphate, sulfate, or sulfonate groups. Preferably the 

25 linking group does not affect either the affinity, specificity, or efficacy of the 
composition. 

In a preferred embodiment, Y represents a pharmacologically acceptable 
cation. Pharmacologically acceptable cations include, but are not limited to, sodium, 
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potassium, magnesium, calcium, aluminum, zinc, bismuth, barium, copper, cobalt, 
nickel, cadmium; ammonia, nitrogenous base derivatives, and heterocyclic bases. 

If Y represents a physiologically cleavable leaving group, then the intact 
dithiocarbamate compound (including Y) represents a prodrug form. Physiologically 
cleavable leaving groups refer to moieties that may be cleaved in vivo from the 
molecule. Preferably the leaving groups will be cleaved under in vivo conditions and 
will degrade within a reasonable time period (within 2 h.) after application or contact 
with the cells or tissue of interest. Physiologically cleavable leaving groups include, but 
are not limited to, alkyl, acyl, ester, carboxy, phosphate, diphosphate, phosphonate, 
sulfate, or sulfonate moieties; or a physiologically cleavable polymer, including 
synthetic and natural proteins or polypeptides; random or block polymers and 
copolymers, including, for example, copolymers of amino acids such as poly-lysine; 
polyethyleneglycol and derivatives; polysaccharides; polyglycohc acid; polyorthoesters; 
or albumin or collagen, including fragments or modified versions; fatty acids, 
phospholipids, or other lipids. 

Representative targeting moieties include, but are not limited to, 
antibodies and antibody fragments, including humanized versions; peptides or proteins, 
including glycosylated versions; ohgonucleotides (RNA, DNA, or PNA based); 
polysaccharides; folate; or organic functionalities with affinities for serum proteins or 
proteins expressed by cancerous cells. In a preferred embodiment, the targeting moiety 
targets the dithiocarbamate to a desired cancerous cell line. 

Z may be preferably chosen fi-om either O or N, but if Z is 0, then m=0. 
Ri and R2 may be independently chosen from the group consisting of hydrogen; or Cl- 
C24 straight, branched, or cyclic alkyl, alkenyl, aryl, acyl, alkaryl, aralkyl,or alkoxy 
groups, optionally substituted with ester, ether, halogen, sulfate, hydroxy, or phosphate 
groups. Ri and R2 may be optionally connected via a bridge such as -(CH2)n-, wherein 
n is 3-8, so that the resulting structure is heterocycUc, and may be optionally substituted 
on any of the carbon atoms of the ring with CI -CIO straight, branched, or cyclic alkyl, 
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aryl, aryalkyl, or alkaryl groups, optionally substituted with hydroxy, halo, phosphate, 
sulfate, or sulfonate groups. 

Preferred dithiocarbonyl compounds of the present invention include 
diethyldithiocarbamate (DEDC); tricyclo-[5.2.1.0^'^]-decyl(9[8]-xanthogenate (D609); 
5 disulfuram; and pyrroUdinedithiocarbamate (PDC). In general, the active 
dithiocarbonyl, particularly dithiocarbamate, components used in the present 
compositions are either commercially available or can be prepared using known 
synthetic methods. Other examples of dithiocarbonyl compounds are set forth in US 
5,783,596, incorporated herein by reference. 

10 A particularly preferred class of dithiocarbonyl components for 

incorporation into the compositions of the present invention is the dithiocarbamate 
class. Dithiocarbamates (DTCs) are low molecular weight thiol molecules that can 
chelate metals (particularly Zvt^ and Cu^^) and react with available sulfhydryl groups. 
They have been used traditionally as insecticides, fungicides, antivirals, metal-chelators, 

15 and antioxidants. Their antioxidant potential is a result of both their metal chelating 
ability and their ability to counteract the toxic effects of free radical damage, as both 
radical scavengers and as modulators of the redox state of intracellular thiols. See S. 
Orrenius, C.S.I, Nobel, D.J. van den Dobbelsteen, MJ. Burkitt, and A.F.G. Slater, 
"Dithiocarbamates and the redox regulation of cell death", Biochem. Soc. Trans. 24, 

20 1032-38 (1996). 

As antioxidants, some DTCs are thought to have chemopreventive 
properties (see G. Furstenberger, E. Amtmann, F. Marks, and G. Sauer, "Tumor 
Prevention by a Xanthate Compound in Experimental Mouse-Skin Tumorigenesis", Int. 
J. Cancer 43:508-12 (1989)) and have been used as potentiators of traditional 
25 chemotherapeutics (see R. Chinery, J.A. Brockman, M.O. Peeler, Y. Shyr, R. D. 
Beauchamp, and R-J. Coffey, "Antioxidants enhance the cytotoxicity of 
chemotherapeutic agents in colorectal cancer: a p53-independent induction of p21 via 
C/EBPB", Nature Medicine 3(11):1233-41 (1997)). More recently, DTCs have been 
shown to have pro-oxidant activities in cells, most likely through the recruitment of 
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redox active metal ions into the cell See C.H. Kim, J.H. Kim, J. Xu, C,Y. Hsu, and 
Y.S. Ahn, "Pyrrolidine Dithiocarbamate Induces Bovine Cerebral Endothelial Cell 
Death by Increasing the Intracellular Zinc Level", J. Neurochem. 72(4): 1586-92 (1999); 
C.S.I. Nobel, M. Kimland, B. Lind, S. Orrenius, and A.F.G. Slater, "Dithiocarbamates 
5 Induce Apoptosis in Thymocytes by Raising the Intracellular Level of Redox-active 
Copper", J. Biol. Chem. 270(44): 26202-08 (1995). 

Prior studies of the effect of DTCs on cell survival were conflicting, and 
demonstrated that cell type, availability of metal cations or competitive chelators, cell 
density, and cellular redox state were significant variables in the results. (See W. Erl, 
10 C. Weber, and G.K. Hansson, "Pyrrohdine dithiocarbamate-induced apoptosis depends 
on cell type, density and the presence of Cu^^ and Zn^""", Am. J. Physiol. Cell. Physiol. 
□ 278(6): CI 1 16-24 (2000),) DTCs have been shown to both inhibit and induce Nuclear 

^ Factor kappa-B (NF-kB) and other cell cycle proteins in the cell, leading to the proposal 

i: that DTCs can mediate cell death through an apoptotic (programmed cell death) 

;|1 15 mechanism. DTCs have been shown to induce apopotosis in cerebral endothelial cells, 
% hepatocytes, smooth muscle cells, and thymocytes. See, C.H. Kim, J.H. Kim, J. Xu, 

I C.Y. Hsu, and Y.S. Ahn, "PyrroHdine Dithiocarbamate Induces Bovine Cerebral 

i Endothelial Cell Death by Increasing the Intracellular Zinc Level", L Neurochem. 

J 72(4): 1586-92 (1999); C.S.L Nobel, M. Kimland, B. Lind, S. Orrenms, and A.F.G. 

3 20 Slater, "Dithiocarbamates Induce Apoptosis in Thymocytes by Raising the Intracellular 
Level of Redox-active Copper", L Biol. Chem. 270(44): 26202-08 (1995). Other 
studies demonstrate an inhibitory effect on apoptosis, or a biphasic effect with an 
inhibition followed by an induction of apoptosis (see K.C. Chung, LH. Park, C.H, Kim, 
H. W. Lee, N. Sato, Y. Uchiyama, and Y.S. Ahn, ''Novel Biphasic Effect of PyrroUdine 
25 Dithiocarbamate on Neuronal Cell Viability is Mediated by the Differential Regulation 
of Intracellular Zinc and Copper Ion Levels, NF-kB, and MAP Kinases", J. Neuro. Res. 
59:117-25 (2000).) Overall, the prior art indicated that the interplay between cellular 
oxidative stress, the pro- or anti-oxidant capability of the DTC, and the redox state of 
the cell is not well understood. See, C.S.I. Nobel, D.H. Burgess, B. Zhivotovsky, M.J. 
30 Burkitt, S. Orrenius, and A.F.G, Slater, "Mechanism of Dithiocarbamate Inhibition of 
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Apoptosis: Thiol Oxidation by Dithiocarbamate Disulfides Directly Inhibits Processing 
of the Caspase-3 Proenzyme", Chem. Res. Toxicol. 10:636-43 (1997). 

While not wishing to be bound by any theory, it is beUeved that the 
compositions of the present invention optimally balance this sensitive and fluctuating 
interplay between the anti- and pro-oxidant capacities of the dithiocarbonyl components 
and the redox states of the cancer cells. The incorporation of the dithiocarbonyl 
components into the compositions of the present invention results in a more predictable 
and maximally effective induction of apoptotic or necrotic cell death, or a mixture of 
both. 

Other preferred dithiocarbonyl components for use in the compositions 
of the present invention are dimers of the dithiocarbonyl compounds described 
previously. Such dimers may be represented by the formula: (Ri)m(R2)Z-C-S-S-C- 
Z(Ri)m(R2)- A preferred embodiment is Disulfuram, which is a dimer of DEDC 
currently used for the treatment of alcohol abuse. 

The present compositions also may incorporate a metal ion component 
B. In particular, the dithiocarbonyl components of the present invention may be 
complexed with the metal cation component B prior to use. Suitable metal cations 
include Cu^"" and Zn^^. Most preferably, Zn^^ is employed. It is believed that 
complexation of the metal ion by the dithiocarbonyl component facilitates uptake of the 
cation into, for example, cancerous cells; upon dissociation of the metal cation, 
destructive oxidative events are catalyzed by the cation. Alternatively, the 
dithiocarbonyl ligand may be uncomplexed with metal prior to use, and may bind 
available intracellular or serum metal cations in vivo. 

The compositions of the present invention may also incorporate a 
component C that affects the intracellular redox state of nonnormal or nonhealthy cells. 
It has been surprisingly discovered that chemical and enzymatic modulators which are 
known to decrease the cellular glutathione levels enhance the efficacy of the 
compositions of the present invention. In some circumstances, the use of such 
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compounds alone results in a significant reduction in cellular viability. While not 
wishing to be bound by any theory , it is believed that component C inhibits the strong 
anti-oxidant defense mechanism of cells in response to the oxidative stress induced by 
the dithiocarbonyl components when complexed to zinc or copper cations. Particularly, 
5 those compounds that deplete cellular glutathione are preferred, including ethacrynic 
acid (EA), L-buthionine-S,R-sulfoximine (BSO), diethylmaleate, 2-cyclohexene-l-one, 
and l-chloro-2,4-dinitrobenzene (CDNB). Most preferably, EA is employed, because 
in human trials it appears to be tolerated. These compounds are commercially available 
from, e.g., Sigma, or are prepared using known synthetic methods. 

10 It has been further found that inhibitors of the phosphorylation of 

choUne, which is involved in the formation of the major membrane phosphoUpid 
phosphatidylcholine, surprisingly enhance the efficacy of the compositions of the 
present invention in several cancer cell lines. Preferably, such an inhibitor comprises 
component D and is incorporated into the compositions of the present invention. A 

15 preferred embodiment of component D is dimethyl ethanolamine (DMETN), which has 
the additional property to selectively inhibit proliferation of certain cancer cells. 

Particularly preferred compositions for intratumoral applications 
comprise all four components A, B, C, and D. It has been found that compositions 
comprising all four components are capable of altering the viability of a broad range of 

20 nonnormal cells, including a broad spectrum of cancerous types and sub-types. 
Preferably, the compositions are comprised of concentrations between about 5-200 |iM 
of the dithiocarbonyl compound component A, about 20-500 |iM of the metal cation 
component B, about 10-300 |iiM of the modulator of the level of cellular glutathione 
component C, and about 3-40 mM of component D, DMETN. A particularly preferred 

25 embodiment comprises about 10-100 |aM of PDC, about 20-200 |iM zinc, about 10-100 
[iM of EA, and about 3-10 mM DMETN. 

It has further been found that some compositions comprising fewer than 
all 4 components A, B, C, and D exhibit surprising efficacy against certain cancers. For 
example, 
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(a) For rapid (within about 2 h.) and effective (about 100%) killing 
of human breast cancer cells (MDA-MB-23 1 cell line), a 
preferred composition comprises about 10-100 |aM EA, about 5- 
50 |iM PDC, and about 50-200 |iM zinc. 

For slow (within about 75 h. treatment) but effective (about 
100%) killing of human breast cancer cells (MDA-lVIB-23 1 line), 
a preferred composition comprises about 1 0 |iM EA and about 20 
^lM PDC. 

(b) For rapid (within about 2 h.) and effective (about 100%) killing 
of human breast carcinoma cells (T-47D cell line), another 
preferred composition comprises about 50-200 |iM EA. 

For slow (within about 75 h. treatment) but effective (about 
100%) killing of human breast cancer cells (T-47D cell line), a 
preferred composition comprises about 10-50 jiM EA and about 
10-50 ^iM PDC 

(d) For rapid (within about 160 min.) and effective (about 90-100%») 
killing of multi drug-resistant human breast cancer cells (MCF- 
7/MDRl cell line), a preferred composition comprises about SO- 
SO laM EA, about 10-50 |liM PDC, and about 30-80 \xM zinc. 

Mammals, particularly humans, may be treated by administering to the 
patient an effective amount of one of the compositions described herein or a 
pharmaceutically acceptable derivative or salt thereof in a pharmaceutically acceptable 
carrier or diluent. The active compositions may be administered by any appropriate 
route, including systemically, orally, parenterally, intravenously, subcutaneously, 
topically, intradermally, or by direct intratumoral injection. At higher concentrations 
of these drug combinations, aimed at rapid killing of cancer cells, intratumoral 
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application is tlie most preferred route of delivery. At lower, less toxic, concentrations, 
other delivery methods may be employed. 

Pharmaceutically acceptable salts include salts that retain the desired 
activity and exhibit minimal undesired toxicities. Representative examples include sahs 
formed from organic acids or organic cations. 

The active composition is included in a pharmaceutically acceptable 
carrier or diluent, in an amount sufficient to deliver to the patient a therapeutically 
effective amount without causing serious toxic side effects. If administered 
intravenously, preferred carriers are physiological saline or phosphate buffered saline 
(PBS) or various liposomal compositions. The preferred dose will depend on the route 
of administration and the method of treatment. If the composition is used either pre- or 
post-operatively, e.g. by direct injection into the tumor or its blood supply, or by topical 
application to the surgical site, then the four components will be generally used in the 
following concentration ranges expressed as fxg/cm tumor volume: DTC, about 0.3-10 
^ig/cm^; EA, about 1-30 i^g/cm^ zinc, about 0.5-20 \xg/om^; and DMETN, about 10- 
250 |ig/cml 

If employed systemically, the active composition should be administered 
to achieve and to maintain peak plasma concentrations of about 5-50 i^M of component 
A, depending on the tumor and the length of administration. For longer systemic 
administration (e.g., for 36-72 h. periods), preferably a peak plasma concentration of 
about 2-20 |iM is maintained. The active compositions most Ukely will be infused over 
a longer time period (i.e. 36-72 hours), although they might be injected as a bolus in 
certain situations. 

As recognized by those of skilled in the art, dosage values will vary with 
the absorption, excretion, inactivation, toxicity, and distribution profiles of the drug, as 
well as with the severity of the illness to be treated, and may be varied according to 
individual need and the judgment of the health care professional. The concentration 
ranges set forth herein are only exemplary and not intended to limit the scope or 
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practice of the invention. Thus, for example, lower dosages of the compositions 
described herein might be coupled with longer exposures in order to maximize the 
amount of cell death induced in cancerous cells while ensuring the health of normal 
cells. Alternatively, lower dosages might be used in combination with other 
chemotherapeutic agents. 

Topical administration includes, but is not limited to, lotions, ointments, 
creams, gels, transdermal patches, suspensions, sprays, powders, pastes, slow-release or 
controUed-release formulations, including liposomal or microsphere formulations, 
aerosols, suppositories, and the like. The composition must be sufficiently absorbed by 
the skin or tissue of interest to render a therapeutic effect at the site. Thickening agents 
may be used to prepare topical compositions and include petrolatum, beeswax, xanthan 
gum, polyethylene glycol, lanolin, squalene, many of which are commercially available. 
In general, many methods for the preparation of topical formulations are well known to 
those skilled in the art. 

Solutions or suspensions used for parenteral, intradermal, subcutaneous, 
or topical application can optionally include a sterile diluent, such as water, sahne, fixed 
oils, polyethylene glycols, glycerine, antibacterial agents such as benzyl alcohol or 
methyl parabens, or buffers. 

in. Methods of Use, 

The compositions of the present invention can be used to decrease the 
viability of nonnormal or nonhealthy cells, particularly those which constitute primary 
and secondary tumors. The compositions may be used both focally, at the site of a 
primary tumor, or systemically. The use of the compositions described herein 
preferably results in a rapid and relatively specific alteration of cellular viability, 
specifically the induction of apoptotic and necrotic cell death, in cancerous cells 
preferably over noncancerous cells. As used herein, necrosis is represented by 
morphological changes, including, particularly, the removal of the cell from the 
subsurface stratum, cessation of DNA synthesis, cell proliferation, cell rounding, and 
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cell lysis. Apoptosis, also known as programmed cell death, as used herein, is 
characterized by chromatin condensation, cleavage of DNA into fragments, cell 
shrinkage, membrane blebbing, and formation of apoptotic bodies. 

Most preferably, the compositions of the present invention are used 
intratumorally in conjunction with the surgical removal of tumors and post operational 
radiotherapy. In order to minimize the potential for metastases to develop and to 
weaken or kill existing primary tumors and metastases, the compositions are preferably 
used pre-operatively; however, they may also be used during the operation, and/or post- 
operatively, optionally in conjunction with traditional radiation or chemotherapeutic 
techniques. A composition comprised of one or more of the components described 
previously is allowed to contact the cancer cells in the tumor of interest. Depending on 
the nature, and more particularly, the size, of the cancerous tumor, this contact may 
occur through pre-operative topical treatment via lotions, creams, and the like, or 
transdermal patches (i.e., for skin cancers), all of which comprise the active 
composition. Ahernatively, the surgeon may inject the compositions once or repeatedly 
into multiple sites in the tumorous tissue or introduce the composition systemically into 
the tumor's blood supply (i.e., for breast cancers) in order to expose the tumor to an 
effective dose of the composition. 

For pre-operative treatment, the components will generally be dissolved 
in physiological saline or will be enclosed in liposomes or other delivery systems or 
formulations. The compositions are apphed in a volume which constitutes up to 10% of 
the total volume of the tumor, depending on the size and quality of the tumor. 
Preferably, the length of time between injection and surgical removal of the tumor is 
about 1 to 4 hours. The treatment, whether systemic, parenteral, or intratumoral, 
exposes preferably 50%, even more preferably 90%), and most preferably 100%), of the 
tumor cells with an effective dose of the active composition. As will be understood by 
one of those skilled in the art, both the dosage and the number of treatments will be 
dependent on the type of tumor and the method of administration of the composition 
(e.g., whether intratumorally or systemically). Intratumoral application may be 
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performed once, or maybe repeated several times over a period of time, depending on 
the test results (rapid microscopic analysis of cells). 

The compositions of the present invention may also be used post- 
operatively, either by themselves or in conjunction with radiation or chemotherapies, in 
5 order to induce cell death (e.g., apoptosis or necrosis, or both) in any cells of the 
primary tumor or any metastatic seed cells remaining after surgery. A composition 
comprising one or more of the components described previously is allowed to contact 
the surgical site after the removal of the primary tumor. The composition may contact 
this surgical site either by systemic or parenteral means. Preferably, whether the 
10 treatment is parenteral or systemic, greater than 50% of the surface area of the surgical 
site or of the blood flow to the surrounding tissue is exposed to the active composition; 
more preferably, greater than 90% is exposed. 

Of course, one of skilled in the art will recognize that the optimal 
treatment might involve the use of both pre-operative and post- operative methods in 
15 order to ensure optimal induction of cell death in the nonnormal cancerous cells. 

The compositions of the present invention may be used as an alternative 
to surgeiy, either systemically or parenterally, and optionally in combination with 
another chemo therapeutic or radiation regimen. 

The present invention provides a fiirther method for altering the viability 
20 of nonnormal or nonhealthy cells, particularly cancerous cells. More particularly, by 
employing the compositions described herein, apoptotic or necrotic cell death, or both, 
is induced in nonnormal or nonhealthy cells preferentially over heahhy cells. A 
composition comprising one or more of the components described previously is allowed 
to contact one or more of the nonnormal or nonhealthy cells of interest by either 
25 systemic or parenteral means. Preferably, at least 50%, even more preferably at least 
75%, and most preferably about 90%, of the nonnormal cells in the tissue of interest die 
by necrotic or apoptic mechanisms, or both. If administration is via a systemic route, 
preferably the maximum amount of cell death occurs within 90 h. of administration, and 
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more preferably within 24 h. If administration is by intratumoral injection, preferably 
the maximum amount of cell death is induced within 4 hours, and more preferably 
within 1-2 h. 

The present invention illustrates a selective effect on the viability of 
nonnormal cells over healthy, normal cells. Preferably less than 50% of the healthy 
cells of a comparable tissue type and size to the nonnormal tissue die either by a 
necrotic or apoptotic mechanism, or both; more preferably less than 25%, even more 
preferably less than 10%, and most preferably less than P/o. 

Methods for determining the amount of necrosis or apoptosis are well 
known in the art. Apoptosis may be measured by, for example, the annexin V-FITC 
apoptosis detection kit (Oncongene Research Products, CN Biosciences, Inc.). Other 
known methods to measure apoptosis include (i) the TUNEL flow cytometry assay 
(terminal deoxynucleotidyl transferase-mediated dUPT nick end-labeling); (ii) laser 
scanning microscope imaging of propidium iodide fluorescence; (iii) visualization of 
cell nuclei and DNA with 4'6-diamino-Z-phenylindole staining or bisbenzimide 
(fluorescent microsopy); (iv) staining of cells with acridine orange or hematoxylin eosin 
(followed by light microscopy); or (v) DNA fragmentation analysis. Such studies can 
be complemented by examining the expression of pro- and anti-apoptotic gene products 
(e.g., Bax, p53, Bcl-2, etc.). 

For assaying necrosis, the widely-used trypan blue method is used. 
While healthy cells and apoptotic cells (including the resulting apoptotic bodies) 
exclude trypan blue, necrotic cells are permeable to trypan blue and can be visualized 
by light microscopy. 

For the determination of cell proUferation, the MTT assay is used. This 
colorimetric assay is based on the ability of living cells, but not dead cells, to reduce 
3 -(4, 5-dimethyl thiazol-2-yl) -2, 5-diphenyltetrazolium bromide. See, Carmichael, J., 
De Graff, W.G, Gazdar, A.F, Minna, J.D. & Mitchell, J.B, "Evaluation of 



-22- 



Tetrazolium-Based Semiautomated Colorimetric Assay: Assessment of 
Chemosensitivity Testing/' Cancer Res, Al, 39-942 (1987). 

To further evaluate cell death, cells are grown in 12-well plates, and 
cellular morphology is assessed by microscopic examination after cytologic staining 
(e.g., with Giemsa). To verify whether cells are alive and able to proliferate, 
3[H]thymidine is added to the cells and after 1-4 h, of incubation, the incorporation of 
^[H]thymidine into DNA is determined as described in Masahiro Tomono and Zoltan 
Kiss, "Ethanol Enhances The Stimulatory Effects of Insulin and Insulin-Like Growth 
Factor- 1 on DNA Synthesis in NIH 3T3 Fibroblasts", Biochemical and Biophysical 
Research Communications, 208(l):63-67 (1995). 

The present invention also provides a rapid and efficient method for 
identifying an effective composition for altering the viability of a variety of nonnormal 
or nonhealthy cells, particularly cancers and cancer subtypes. The method is comprised 
of steps wherein a set of variable components that includes at least two, preferably 
three, and most preferably all four of the components A, B, C, and D is provided for 
incorporation into a library of test compositions. The test compositions in the library so 
generated may vary based on the number of components incorporated, the chemical 
identity of the components incorporated, their concentrations, and the hke. The library 
so generated is then examined to determine if any of the test compositions therein 
induces a desired biological effect against one or more nonhealthy or nonnormal cell 
types. Based on the results, the desired composition is selected fi*om among the test 
compositions in said library. The desired composition may be used, for example, to 
treat a heterogeneous cancerous tumor, or alternatively to treat a more homogeneous 
cancerous tumor. The method can be used to generate a preferred composition 
specifically tailored to be maximally effective in altering the viability of a particular 
cancer, while exhibiting minimal alteration in the viability of heahhy, normal cells. 
Alternatively, the particular composition may be chosen to be more broadly effective 
against a range of cancers, while nonetheless remaining minimally toxic to healthy 
cells. 
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In one embodiment, a library of test compositions comprising all four 
components A, B, C, and D is generated. For component A, the investigator is allowed 
to choose from among PDC, DEDC, D609, or Disulfuram in concentration ranges 
(representing final concentration) fi:om about 5-250 \xM. For component B, the 
5 investigator can choose from among Zn^^ or Cu^"^, in concentration ranges from about 
20-500 \iM. For component C, the investigator can choose ethacrynic acid (EA), L- 
buthionine-S,R-sulfoximine (BSO), diethylmaleate, 2-cyclohexene-l-one, or 1-chloro- 
2,4-dinitrobenzene (CDNB), in concentration ranges from about 10-300 |nM. For 
component D, the investigator chooses DMETN in a concentration range of about 3-40 
10 mM. 

After preparing the library of such test compositions, the investigator 
examines each one to determine if it induces a desired biological effect against one or 
more nonhealthy or nonnormal cell types. In one embodiment, the investigator 
examines whether apoptosis and/or necrosis are induced in a particular breast cancer 

15 cell line, such as MDB-MB-231, human mammary gland epithelial adenocarcinoma, 
estrogen receptor negative. The investigator further examines the biological effect of 
the compositions on normal, healthy breast epithelial cells. Means for measuring 
necrosis and apoptosis are well known in the art, as described previously. For example, 
the annexin V-FITC apoptosis detection kit (Oncongene Research Products, CN 

20 Biosciences, Inc.) can determine the number of cells that died via an apoptotic 
mechanism. 

After examining the biological effect of the library on the cancerous and 
healthy cell-lines, the investigator determines the test composition which maximally 
induces necrosis and/or apoptosis, or both, in the cancerous hne, and minimally induces 
25 necrosis and/or apoptosis in the healthy, normal cell line. 

The compositions and methods of the present invention are effective 
against a broad array of cancerous tissues and cell-types, including but not limited to 
breast (both estrogen receptor positive and negative), epidermal, melanomal, colorectal, 
bladder, cervical, neuroblastomal, prostate, ovarian, endometrial, and placental cancers. 
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The ability of the present compositions to induce a mixture of apoptosis or necrosis, or 
both, in a broad range of cancerous cell lines, while preferably exhibiting minimal 
alteration in the viability of healthy cells, is exemplified below. 

IV* Examples. 

5 The ability of the compositions to alter the viability of a broad range of 

cancerous cell types, while inducing less changes in minimally affecting the viability of 
noncancerous cells, are set forth in detail in Examples 1-23 below. 

In vitro experiments. 

Unless otherwise indicated, all cell lines were purchased from the 
10 American Type Culture Collection (ATCC). DTCs, EA, DMETN, and ZnCl2, were 
purchased from Sigma, while all media, L-glu, BSS, and fetal bovine serum were 
purchased from Gibco. The general recipes for each medium are described in the Gibco 
catalogue and general recipes for the media indicated in each example. 

Determination of necrosis, apoptosis, % cell death, morphological 
1 5 changes, DNA synthesis and cell proliferation rates. To determine the effects of the 
present compositions, cells were grown in the indicated medium in either 12-well plates 
(to assess morphological changes and measure DNA synthesis); 6-well plates (for 
determination of apoptosis/necrosis); or 96-well plates (for determination of cellular 
proliferation by the MTT assay). All media contained 10% fetal bovine serum. In each 
20 experiment, the medium was replaced with fresh medium at 2 h. prior to treatment. 
Treatments were performed with sterile solutions of the compositions (made up either in 
the respective medium or water) for 1 min.-72 h. In some cases, treatments were done 
for 1 min., followed by incubation of washed cells for various time periods. 

To study apoptosis, annexin-V staining was followed by flow cytometric 
25 measurements. Briefly, treated cells were harvested by trypsinization. One milhon 
cells for each treatment were washed with phosphate buffered saline (PBS)/1% bovine 
serum albumin (BSA) followed by ice-cold PBS. After centrifugation at 700 rpm for 8 
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min., cell pellets were resuspended with 100 |al of annexin-V binding buffer (lOmM 
HEPES - NaOH, pH 7.4, 150 mM NaCl, 5 mm KCl, 1 mM MgCk, 1.8 mM CaCb) 
containmg 5 ^g/ml propidium iodide and annexin-V-biotin reagent diluted 1:100. 
The suspension was kept in the dark for 15 min. at room temperature. Cells 
5 incubated with annexin-V-biotin were collected by spinning at 700 rpm at 4°C for 8 
mm. The pelleted cells were further incubated with streptavidm-FITC reagent 
(fluorescein isothiocyanate) at a dilution of 1 : 100 for 15 mm. at room temperature in 
the dark. After incubation, 400 ^il of the annexin-V-binding buffer was added to 
each sample before flow cytometric analysis. The threshold for an event m 
10 cytometric analysis was kept at 5%. More than 4x10^ events were counted for each 
treatment. Flow cytometry analysis was performed with a Beckton Dickinson 
FACS instrument. 

The annexin V-biotm kit was purchased from Trevigen, Gaithersburg, 
MD; the streptavidin-FITC reagent from Santa Cruz Biotechnology, Santa Cruz, 
15 CA. For some studies an "annexin-V-FITC apoptosis detection kit" was purchased 
from Oncogene Research Products, CN Biosciences. 

Photography of cells. Cells were photographed with a Polaroid camera, 
or with a conventional camera with the prints made via conventional methods. 

Example 1. SK-MEL-24, human melanoma. Cells were cultured in 
20 minimum essential medium according to Eagle, with 2 mM L-glutamine and Earle's 
BSS balanced salt solution containing 10% fetal bovine serum; the medium was 
changed 2 h. prior to treatment. Cells were treated with a composition comprising 50 
^iM PDC, 120 ^iM Zn (as zinc chloride in all examples), 60 ^iM EA, and 3 mM 
DMETN for 1 minute, with a medium change and incubation for 4 hours, or 
25 continuously for 30 min. For DNA synthesis experiments, cells were incubated with 
[^H] -thymidine (1 |uCi/ml) (New England Nuclear) between 30-40 mins. of treatment; 
for cell proliferation experiments, cells were trypsinized after treatment, re-plated, and 
viable cells counted 1 week later. 
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After 30 mins. of treatment, the composition killed about 100% of cells, 
based on morphology, DNA synthesis, and cell proUferation measurements. See 
Figures 7a and 7b. A composition of PDC and Zn alone at the concentrations above 
killed about 100% of the cells after 60-90 mins. of treatment. 

After 1 min. of treatment, followed by four hours of incubation in fresh 
medium, the composition killed about 100% of the cells, based on the morphology, 
DNA synthesis, and cell prohferation measurements. A composition of PDC and Zn 
alone at the concentrations above killed about 60-65%) of the cells. 

Example 2. SK-MEL-28, human melanoma. Cells were cultured in 
minimum essential medium Eagle with 2 mM L-glutamine and Earle's BSS containing 
10%) fetal bovine serum; the medium was changed 2 h. prior to treatment. Cells were 
treated continuously with a composition comprising 50 |iM PDC, 120 \xM Zn, 60 |iM 
EA, and 3 mM DMETN for 1 min., with a medium change and treated for 4 h., or 
continuously for 30 min. For DNA synthesis experiments, cells were incubated with 
[^H] -thymidine (1 |uCi/ml) between 30-40 mins. of treatment; for cell proliferation 
experiments, cells were trypsinized after treatment, re-plated, and viable cells counted 1 
week later. 

After 30 mins. of treatment, the composition killed about 100% of cells, 
based on the morphology, DNA synthesis, and cell proliferation measurements. See 
Figures 4a and 4b. A composition of PDC and Zn alone at the concentrations above 
killed about 100% of the cells after 60-90 mins. of treatment. 

After 1 min. of treatment, followed by four hours of incubation in fresh 
medium, the composition killed about 100%o of the cells, based on the morphology, 
DNA synthesis, and cell proliferation measurements. Compositions (at the above 
concentrations) of PDC and Zn; PDC, Zn, and EA; or PDC, Zn, and DMETN killed 
about 70-85% of cells after 1 min. of treatment followed by four hours of incubation in 
fresh medium. 
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Example 3, SK-1058, normal human skin fibroblast. Cells were 
cultured in minimum essential medium Eagle with 2 mM L-glutamine and Earle's BSS 
containing 10% fetal bovine serum; the medium was changed 2 h. prior to treatment. 
Cells were treated continuously with a composition comprising 50 [iM PDC, 120 |aM 
5 Zn, 60 \iM EA, and 3 mM DMETN continuously for 25 min. For DNA synthesis 
experiments, cells were incubated with [^H] -thymidine (1 |iCi/ml) between 25-35 mins. 
of treatment; for cell proliferation experiments, cells were trypsinized after treatment, 
re-plated, and viable cells counted 1 week later. 

After 25 min., the composition did not change cell morphology, but 
10 decreased DNA synthesis and cell proliferation by about 10% and about 60%), 
respectively. See Figures 3a and 3b. While DNA synthesis is not affected greatly, the 
cell prohferation experiments indicate that a shorter exposure or lower dosage might be 
desired to minimize altering the viability of normal fibroblasts. 

Also note that SK-MEL-28 is independent of SK-MEL-24, but the 2 cell 
15 lines responded similarly to the compositions described. Intratumoral or topical 
application of the compositions to skin melanomas, which are known to be 
heterogenous, is expected to be effective in treating melanomas, as is further indicated 
by the data below on human melanoma xenografts. 

Example 4. A431, human epidermoid carcinoma. Cells were 
20 cultured in minimum essential medium Eagle with 2 mM L-glutamine and Earle's BSS 
containing 10% fetal bovine serum; the medium was changed 2 hour prior to treatment. 
Cells were treated continuously with a composition comprising 25 [xM PDC, 60 ^iM Zn, 
40 |iM EA, and 3 mM DMETN continuously for 60 min. For DNA synthesis 
experiments, cells were incubated with [^H]-thymidine (1 ^Ci/ml) between 60-70 mins. 
25 of treatment; for cell proliferation experiments, cells were trypsinized after treatment, 
re-plated, and viable cells counted 1 week later. 



-28- 



After 60 min. the composition killed about 100% of the cells, based on 
morphology and DNA synthesis and cell proHferation measurements. A composition of 
PDC and Zn, at the above concentrations, killed about 60-70% of the cells. 



Example 5. MDA-MB-231, human mammary gland (epithelial) 
5 adenocarcinoma, estrogen receptor negative. Cells were cultured in Leibovitz's L-15 
cell culture medium (Gibco) and 10% fetal bovine serum; the medium was changed 6 h. 
prior to treatment. Cells were incubated continuously with a composition comprising 
25 ^iM PDC, 60 Zn, 60 ^iM EA, and 3 mM DMETN for 40 min. For DNA 
synthesis experiments, cells were incubated with [^H] -thymidine (1 |LiCi/ml) between 
10 40-50 mins. of treatment; for cell proliferation experiments, cells were trypsinized after 
treatment, re-plated, and viable cells counted 1 week later. 

After 40 min. of treatment, the composition killed about 100% of cells 
based on cell morphology, DNA synthesis, and cell proliferation experiments. See 
Figure 6. A composition of EA alone, at the concentration above, killed about 70%) of 
1 5 the cells after 40 min., and about 100%> of the cells after 3 h. 

Compositions comprising D609, DEDC, and disulfiiram were as 
effective as compositions comprising PDC under the same conditions. 

When the same cells were treated for 5 min. with a replacement of fresh 
medium and incubation for 4 hours, the composition killed about 100%) of the cells. A 
20 composition of EA, PDC, and Zn at the above concentrations killed about 80-85%o of 
the cells under the same conditions; a composition of PDC, Zn, and DMETN under the 
same conditions killed about 70-15% of the cells. 

When the same cells were treated for 75 h. with a composition 
comprising 10 ^iM EA and 20 PDC, about 100% of the cells were dead, while 
25 normal human fibroblasts or untransformed MCF-lOA human breast epithelial cells 
were less affected (10-20%) of cells died). These experiments indicate that lower 
concentrations of the compositions, combined with a longer exposure, result in massive 
cell death in this line, while healthy, normal cells are less affected. 
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Example 6. MDA-MB-468, human mammary gland (epithelial) 
adenocarcinoma, estrogen receptor negative. Cells were cultured in Leibovitz's L-15 
medium and 10% fetal bovine serum; the medium was changed 6 h. prior to treatment. 
Cells were treated continuously with a composition comprising 25 ^iM PDC, 120 \iM 
Zn, 100 ^iM EA, and 3 mM DMETN for 2 h. For DNA synthesis experiments, cells 
were incubated with [^H]-thymidine (1 ^iCi/ml) between 120-130 mins. of treatment; 
for cell proliferation experiments, cells were trypsinized after treatment, re-plated, and 
viable cells counted 1 week later. 

After 2 h. of treatment, the above composition, as well as the 
compositions comprising (EA, PDC, and Zn) and (PDC, Zn, and DMETN) killed about 
100% of cells. 

After 18 h. of treatment, a composition of 50 ^iM EA and 20 [iM PDC 
killed about 100%) of cells. After 75 h., a composition of 10 [iM EA and 20 ^iM PDC 
killed about 100%> of cells. 

Compositions comprising D609 and DEDC were as effective as those 
comprising PDC in the above experiments. 

Example 7. T-47Dj human mammary gland (epithelial) ductal 
carcinoma, estrogen receptor positive. Cells were cultured in modified RPMI 1640 
cell culture medium (see Gibco Catalogue), with 2 mM L-glutamine, 10 mM Hepes, 1 
mM sodium pyruvate, 4.5 g/L glucose, 1.5 g/L sodium bicarbonate, 0.2 LU. bovine 
insulin/ml, and 10% fetal bovine serum; the medium was changed 6 h. prior to 
treatment. Cells were treated continuously with a composition comprising 50 PDC, 
120 ^M Zn, 100 pM EA, and 3 mM DMETN for 2 h. For DNA synthesis experiments, 
cells were incubated with [^H] -thymidine (1 ^iCi/ml) between 120-130 mins. of 
treatment; for cell proHferation experiments, cells were trypsinized after treatment, re- 
plated, and viable cells counted 1 week later. 

After 2 h., the composition killed about 100% of cells, based on 
morphology and DNA synthesis and cell proliferation experiments. Compositions of 
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EA alone or of PDC and Zn at the above concentrations also killed about 100% of cells. 
See Figures 9a and 9b. 

After 36 h. of incubation, a composition comprising 50 EA and 20 
\iM PDC killed about 100% of cells. After 75 h., a composition comprising 20 |iM EA 
5 and 20 ^iM PDC killed about 1 00% of cells. 

Compositions comprising D609 and DEDC were as effective as those 
comprising PDC in the above experiments. 

Example 8, ZR-75-1, human mammary gland (epithelial) ductal 
carcinoma, ascites, estrogen receptor positive* Cells were cultured in modified RPMI 

10 1640 medium with 2 mM L-glutamine, 10 mM Hepes, 1 mM sodium pyruvate, 4.5 g/L 
glucose, 1.5 g/L sodium bicarbonate, 0.2 LU. bovine insuHn/ml, and 10%) fetal bovine 
serum; the medium was changed 6 h. prior to treatment. Cells were treated 
continuously with a composition comprising 50 PDC, 120 |liM Zn, 100 |iM EA, and 
3 mM DMETN for 2 h. For DNA synthesis experiments, cells were incubated with 

15 [^H]-thymidine (1 |LiCi/ml) between 120-130 mins. of treatment; for cell proliferation 
experiments, cells were trypsinized after treatment, re-plated, and viable cells counted 1 
week later. 

After 2 h., the composition killed about 100% of cells, based on 
morphology and DNA synthesis and cell prohferation experiments. Compositions of 
20 EA alone or of PDC and Zn at the above concentrations also killed about 100% of 
cells. 

After 16 h. of incubation, a composition comprising 50 [iM EA and 20 
|LiM PDC killed 100%> of cells. After 75 h., a composition comprising 20 \iM EA and 
20 PDC killed 100% of cells. 

25 If treatments were only for 5 min., followed by incubation for 2 h. in 

fresh medium, only the composition comprising all four components PDC, EA, 
DMETN, and Zn killed about 100% of cells. 
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Compositions comprising D609 and DEDC were as effective as those 
comprising PDC in the above experiments. 

Example 9. MCF-7/MDR1, multidrug resistant estrogen receptor- 
negative subline of the MCF-7 human mammary gland estrogen receptor positive 
5 adenocarcinoma line. Note: the source of this cell line was Dr, Kenneth Cowan, 
National Institutes of Health, Bethesda, MD. Cells were cultured in Dulbecco's 
modified Eagles' cell culture medium (see Gibco catalogue) containing 2 mM L- 
glutamine and 10% fetal calf serum. The medium was changed 6 h. prior to treatment. 
Cells were treated continuously with a composition comprising 25 ^iM PDC, 60 |iM Zn, 
10 60 i^M EA, and 3 mM DMETN for 160 min. For DNA synthesis experiments, cells 
were treated with [^H] -thymidine (1 |iCi/ml) between 160-170 mins. of treatment; for 
cell proUferation experiments, cells were trypsinized after treatment, re-plated, and 
viable cells counted 1 week later. 

After 160 min., the composition killed about 100% of cells. See Figures 
15 8a and 8b. A composition comprising EA, PDC, and Zn at the above concentrations 
killed about 90% of cells. 

Example 10, MCF-lOA, untransformed (control) breast epithelial 
cells. Cells were cultured in a 1 : 1 mixture of Dulbecco's modified Eagle's medium and 
Ham's F12 cell culture medium (for composition see Gibco catalogue) with 20 ng/ml 

20 epidermal growth factor, 100 ng/ml cholera toxin, 0.01 mg/ml insulin, 500 ng/ml 
hydrocortisone, and SVo horse serum. The medium was changed for fresh medium 6 h. 
prior to treatment. Cells were treated with a composition comprising 25 |iM PDC, 60 
|iM Zn, 40 |iM EA, and 3 mM DMETN continuously for 4 h. For DNA synthesis 
experiments, cells were incubated with [ H]-thymidine (1 |iCi/ml) between 240-250 

25 mins. of treatment; for cell proliferation experiments, cells were trypsinized after 
treatment, re-plated, and viable cells counted 1 week later. 

Even after 4 h. of continuous treatment, DNA synthesis and cell 
proliferation were reduced by only about 20-30%, indicating that the composition is 
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significantly less toxic to untransformed breast cells as compared to breast cancer cells. 
See Figures 5a and 5b. 

After 75 h. continuous treatment with a composition of 20 |iM EA and 
20 PDC, viability decreased by about 20%. 

5 Example 11. HT-29, human colorectal adenocarcinoma, epithelial. 

Cells were cultured in McCoy's 5a cell culture medium (see Gibco catalogue) with L5 
mM L-glutamine containing 1,5 g/L sodium bicarbonate and 10% fetal bovine serum. 
The medium was changed 2 h. prior to treatment. Cells were treated with a composition 
comprising 25 ^M PDC, 30 Zn, 40 |iM EA, and 3 mM DMETN continuously for 
10 20 min. For DNA synthesis experiments, cells were incubated with [ H]-thymidine (1 
|iCi/ml) for 20-30 mins. of treatment; for cell proUferation experiments, cells were 
trypsinized after treatment, re-plated, and viable cells counted 1 week later. 

After 20 min., the composition killed about 100%) of cells. See Figures 
11a and lib. A composition of PDC and Zn at the above concentrations killed about 
15 60-70% of cells. 

Example 12. Caco-l, human colorectal adenocarcinoma, epithelial. 

Cells were cultured in Eagle's minimal essential medium with Earle's BSS and 2 mM 
L-glutamine containing OJ mM sodium pyruvate, 0.1 mM nonessential amino acids, 
1.5 g/L sodium bicarbonate, and 20% fetal bovine serum. The medium was changed 2 
20 h. prior to treatment. Cells were treated with a composition comprising 50 PDC, 
120 ^M Zn, 100 ^M EA, and 3 mM DMETN continuously for 2.5 h. For DNA 
synthesis experiments, cells were incubated with [^H] -thymidine (1 |nCi/ml) between 
150-160 mins. of treatment; for cell prohferation experiments, cells were trypsinized 
after treatment, re-plated, and viable cells counted 1 week later. 

25 After 2.5 h., the composition killed about 100% of cells. A composition 

of comprising EA, PDC, and Zn at the above concentrations also killed about 100% of 
cells. 
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Example 13. A549, human lung carcinoma, epithelial. Cells were 
cultured in Kaighn's modification of Ham's F12 medium (F12K) with 2 mM L- 
glutamine containing L5 g/L sodium bicarbonate and 10% fetal bovine serum. The 
medium was changed 2 h. prior to treatment. Cells were treated with a composition 
5 comprising 25 [iM PDC, 30 )iM Zn, 40 ^M EA, and 3 mM DMETN continuously for 
160 min. For DNA synthesis experiments, cells were incubated with [ H]-thymidine (1 
|iCi/ml) for 30-40 mins. after treatment; for cell prohferation experiments, cells were 
trypsinized after treatment, re-plated, and viable cells counted 1 week later. 

After 30 min., the composition, as well as the composition comprising 
10 EA, PDC, and Zn at the above concentrations killed about 100% of cells. See Figures 
10a and 10b. 

Example 14* MCF-?, human breast carcinoma cells, estrogen, 
receptor positive. Cells were cultured in Dulbecco's modified Eagle's medium 
containing 2 mM L-glutamine and 10% fetal calf serum; the medium was changed 2 h 
1 5 prior to treatments. Cells were treated with a composition comprising 50 \xM PDC, 120 
|iM Zn, 80 ^iM EA and 3 mM DMETN continuously for 2 h. For DNA synthesis 
experiments, cells were incubated with [ H]-thymidine (1 |aCi/ml) between 120-130 
min of treatment; for cell proliferation experiments, cells were trypsinized after 
treatment, re-plated, and viable cells counted 1 week later. 

20 After 2 h, the composition killed about 75-80% of cells, based on 

morphology, DNA synthesis, and cell proliferation experiments. A composition 
comprising PDC and Zn at the above concentrations killed only about 15% of cells. 

Compositions comprising D609 and DEDC were as effective as those 
comprising PDC in the above experiments. 

25 Example 15, PC-3, human prostate adenocarconoma cells. Cells 

were cultured in Ham's F12 cell culture medium supplemented with 7%* fetal bovine 
serum; the medium was changed 2 h. prior to treatments. Cells were treated with a 
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composition comprising 50 |iM PDC, 120 |iM Zn, 80 [iM EA, and 3mM DMETN 
continuously for 2 h. For DNA synthesis experiments, cells were incubated with 
[^H]thymidine (1 |aCi/ml) between 120-130 min of treatment; for cell proliferation 
experiments, cells were trypsinized after treatment, re-plated, and viable cells counted 1 
5 week later. 

After 2h, the composition killed about 85% of cells, based on 
morphology, DNA synthesis, and cell proliferation experiments. 

Example 16. Caov-3, human ovarian adenocarcinoma, papillary. 

Cells were cultured in Dulbecco's modified Eagle's medium containing 4 mM 
10 L-glutamine. 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 1 mM sodium pyruvate and 
10% fetal bovine serum; the medium was changed 2 h prior to treatments. Cells were 
treated with a composition comprising 50 \xM PDC and 50 juM Zn continuously for 90 
min. For DNA synthesis experiments, cells were incubated with [^H] -thymidine (1 
jiCi/ml) between 90-100 min of treatment; for cell proliferation experiments, cells were 
15 trypsinized after treatment, re-plated, and viable cells counted 1 week later. 

After 2 h., the above 2-component composition killed about 100% of 
cells, based on morphology, DNA synthesis, and cell proliferation experiments. 

Example 17, 3A-SubE, human transformed placenta trophoblast 
cells. Cells were cultured in Eagle's minimum essential medium with 0.1 mM non- 
20 essential amino acids and 10% fetal bovine serum; the medium was changed 2 h prior to 
treatments. Cells were treated with a composition comprising 20 |j.M EA and 20 [iM 
PDC continuously for 48 h. For DNA synthesis experiments, cells were incubated with 
[SnJ-thymidine (1 |LiCi/ml) for 1 h. at the 48^9 h.; for cell prohferation experiments, 
cells were trypsinized after treatment, re-plated, and viable cells counted 1 week later. 

25 After 48 h., the above 2-component composition killed about 100% of 

cells, based on morphology, DNA synthesis, and cell prohferation experiments. 
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Example 18, AN3; human, endometrial adenocarconoma. Cells 
were cultured in Eagle's minimum essential medium supplemented with 0.1 mM 
non-essential amino acids and 10% fetal bovine serum; the medium was changed 2 h. 
prior to treatments. Cells were treated with a composition comprising 10 jiM EA and 
20 [iM PDC continuously for 36 h. For DNA synthesis experiments, cells were 
incubated with [^H] -thymidine (1 |iCi/ml) for 1 h. at the 36-37 h.; for cell prohferation 
experiments, cells were trypsinized after treatment, re-plated, and viable cells counted 1 
week later. 

After 36 h., the above 2-component composition killed about 100% of 
cells, based on morphology, DNA synthesis, and cell prohferation experiments. 

Examples 19 and 20. In vivo tumor transplant experiments with 
mouse C-26 colon cancers and mouse MXT mammary cancers. 

Rodent colon-26 (C-26) cancer cells, originally obtained from SRI, 
Birmingham, AL., were maintained in Balb/c inbred mice by serial passage in vivo. 
Rodent MXT mammary carcinoma cells were obtained from the Mason Research 
Institute (USA) and maintained in BDFl female mice by serial passage in vivo. Tumor 
fragments (200-500 mg) were transplanted subcutaneously into the intrascapular region 
of immunosuppressed CBA/Ca mice. After 7 days of transplantation, animals were 
anaesthetized and treated (single treatment of a composition comprising PDC (100 |iM), 
zinc (300 ^iM), EA (200 ^M), and DMETN (6 mM)), with 0.3 ml/tumor/mouse equally 
distributed among six injection sites (i.e., 50 ul/injection site). Biopsies were taken 
after 2 h. and 4 h. of treatments, followed by cytological examination. The four 
components were in the following concentration ranges expressed as \ig /cm^ tumor 
volume; PDC, 0.3-10; EA, 1-30; zinc, 0.5-20; DMETN, 10-250. The spots were 
chosen to provide even coverage of the whole tumor. Exactly 4 hours after injection, 2 
samples from each treated tumor and from control tumors treated with 50 ul of 0.9 M 
NaCl were taken from sites located between two adjacent injection sites. The samples 
were collected on glass slides and stained with May Grunwald-Giemsa. The 
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experiment was repeated 5-10 times for each tumor type, with at least 2 samples taken 
for analysis from each treated tumor. 

In each tumor, at least 90% of the cells were dead after treatment with 
the composition described, as indicated by cellular morphology, lysis, membrane 
5 blebbing, chromatin condensation, and the appearance of apoptotic bodies. 
Approximately 60-80% of the cells appeared to die via an apoptotic mechanism. See, 
Figures la, lb, 2a and 2b. 

Other compositions were also evaluated on the above mouse tumor 
transplants. 5-10 tumors were treated with each of the 9 compositions below to 
10 evaluate their effects. The compositions were as follows: 

1. PDC 12.5 and zinc 37.2 ^M. 

2. PDC 25 ^M and zinc 75 ^M. 

3. PDC 50.0 and zinc 150.0 ^iM. 

4. EA 25 ^iM and DMETN 1.5 mM. 

5. EA 50 ^iM and DMETN 3.0 mM. 

6. EA 100 ^M and DMETN 6.0 mM. 

7. PDC 12.5 ^M and zinc 37.2 |liM and EA 25 ^M and DMETN 1.5 

8. PDC 25 ^M and zinc 75 ^iM and EA 50 ^M and DMETN 3.0 mM. 

9. PDC 50 ^M and zinc 150 jxM and EA 100 ^M and DMETN 6.0 mM. 

Preliminary experiments had indicated that none of the compounds alone 
had any detectable effects. Compositions 4-6 had only slight apoptosis or necrosis 
inducing effects. 

25 Examples 20 and 21. In vivo HT-29 human colon carcinoma and 

HT-18 human melanoma mouse xenografts. 



15 



mM. 



20 
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The HT-29 human colon carcinoma cell line was obtained from the 
Biological Testing Branch of the National Cancer Institute, Baltimore MD. The HT- 
168 human melanoma cell line was from the Institute of Pathology and Experimental 
Cancer Research, Semmelweis Medical University, Budapest, Hungary. Xenografts 
5 were established in artificially or genetically immunodeficient (nude) mice. 
Immunosuppression in CBA/Ca mice was carried out by thymectomy, whole body 
irradiation (9.5 Gy) and bone marrow transplantation. The humoral and cellular 
immune response of the artificially immunosuppressed mice was tested by the plaque- 
forming cell assay and rosette-forming cell assay. 

10 An optimal fragment (200-300 mg) of the tumor was transplanted 

subcutaneously. After 25 days, the animals were anesthetized by using Na- 
pentobarbital (nembutal) i.p., at a dose of 20 mg/kg, shortly before treatment. Fifty 
microliter aliquots/site of the compositions were injected into the tumor at six different 
loci, for a total injected volume of 300 microliters. Biopsy was taken from the tumors 

1 5 by aspiration 2 h. or 4 h, after treatment, followed by cytology. After pelleting the cells 
by short centrifiigation, viability was evaluated by the widely used Trypan-blue 
exclusion. For the evaluation of the ratio of apoptotic cells, cytological smears were 
stained with May Grunwald-Giemsa. Apoptotic cells were identified on the basis of 
chromatin condensation, apoptotic bodies, surface blebs, and vacuolization of tumor 

20 cells. For Western Blot analysis of p53, Bcl-2, and Bax protein levels, the 
corresponding commercial antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) 
were used. 

For each treatment, 5-10 animals, each carrying 1 tumor, were used. The 
compositions employed for treatment were as follows; 

25 1. PDC 12.5 jiM and zinc 37.2 ^M. 

2. PDC 25 ^xM and zinc 75 ^M. 

3. PDC 50.0 ^iM and zinc 150.0 ^M. 

4. EA 25 \xM and DMETN 1.5 mM. 
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5. EA 50 and DMETN 3.0 mM. 

6. EA 100 and DMETN 6,0 mM. 

7. PDC 12.5 ^M and zinc 37.2 ^iM and EA 25 ^iM and DMETN 1.5 

mM. 

8. PDC 25 ^M and zinc 75 ^M and EA 50 ^M and DMETN 3.0 mM. 

9. PDC 50 ^M and zinc 150 ^iM and EA 100 ^M and DMETN 6.0 mM. 

Preliminary experiments had indicated that none of the compounds alone 
had any detectable effects. Similarly, compositions comprising PDC and DMETN; zinc 
and EA; and zinc and DMETN were ineffective. However, after 4 h. of treatment with 
a composition comprising PDC 50 [iM and zinc 150 |iiM, approximately 100% of cells 
in HT-29 derived tumors were killed by a mixture of apoptotic and necrotic 
mechanisms. Approximately 64% of cells in HT-168 derived tumors were killed by a 
mixture of apoptotic and necrotic mechanisms with the same composition. Addition of 
EA and DMETN to the composition caused an increase of 30% in the killing of HT-168 
tumor cells. Approximately 80%) of the cells treated with the indicated compositions 
died via the apoptotic mechanism. 

In addition, no viable cells were found after washing and incubation in 
fresh medium for 3 days from cell cultures derived from HT-168 tumors treated with 
the composition comprising PDC, zinc, EA, and DMETN. 

Example 22. Western blot analysis of apoptotic gene product 
expression in cancer cells. The oncogene Bcl-2 protein protects cells from apoptosis, 
whereas its homolog Bax functions to kill the cells. (See J.M. Adams, S. Cory, "Life or 
Death decisions by Bcl-2 protein Family", Trends in Biochem Sci. 26:61-66 (2001).) 
High Bax and low Bcl-2 levels promote apoptosis. Another important regulator of cell 
viability is p53; increased expression of p53 results in inactivation of Bcl-2 and up- 
regulation of Bax, leading to apoptosis. (See, A. Thomas, T. Giesler, and E. White 
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"p53 mediates Bcl-2 phosphorylation and apoptosis via activation of the Cdc42/JNK1 
pathway", Oncogene 19:5259-69 (2000) and references therein.) 

For Western blot analysis of p53, Bcl-2, and Bax protein levels, the 
corresponding commercial antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) 
were used. 

In the HT-29 human colon carcinoma cell line, the observed Bcl-2 level 
was low. Western blot analysis indicated that treatments with a composition 
comprising 50 i^M PDC, 150 |iM zinc, 100 |iM EA, and 6 mM DMETN for 4 h. 
enhanced the expression of both p53 and Bax 2.0-2.5 fold, without changing the 
expression of Bcl-2. Similar results were obtained with MDA-MB-231 breast cancer 
cells. These experiments indicated that increased expression of apoptotic gene products 
plays an important role in the induction of rapid apoptotic cell death by the present 
compositions. 

Example 23. In vivo acute toxicological investigations. Specified 
pathogen free (SPF) hygienic category first generation hybrid BDFl (C57B1 female x 
DBA/2 male) adult female mice weighing 22-23 g were used. The animals were kept in 
macrolon cages at 22-24 C (45-55% humidity), with a lighting regimen of 12/12 h 
light/dark. The animals had free access to tap water and were fed with a sterilized 
standard diet (Charles River VRFl, autoclavable) ad libitum. 

Solutions of PDC (0.5-2 mM), zinc (0.5-2 mM), EA (0.5-2 mM), and 
DMETN (20-80 mM) were made up in physiological saline and injected 
intraperitoneally. The animals were followed for 21 days and evaluated based on 
survival and body weight. Seven animals were evaluated for each treatment. 

At the above concentration ranges, PDC or EA alone were not toxic. 80 
mM DMETN alone killed all seven animals after 3-4 days. However, 100% of the 
animals survived with no statistically significant loss in body weight after injecting 
compositions comprising 1 mM PDC, 1 mM zinc, 1 mM EA, and 40 mM DMETN. 
This composition concentration is 1 order of magnitude higher than that used for 
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intratumoral applications. Thus, diffusion of the compositions from the tumor tissue to 
the adjacent or remote tissues will be unlikely to cause toxic effects. The toxicological 
data also suggest the compositions can be varied in concentration over a wide range 
without harmful consequences. Systemic administration will also be unlikely to result 
in toxic effects. 

Although the present invention has been described with reference to 
preferred embodiments, workers skilled in the art will recognize that changes may be 
made in form and detail without departing from the spirit and scope of the invention. In 
addition, the invention is not to be taken as limited to all of the details thereof as 
modifications and variations thereof may be made without departing from the spirit or 
scope of the invention. 
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